Background: Some studies indicated that implant failures are commonly concentrated in few
still no consensus on or scientific evidence for the etiology of clustering failure phenomena. 6 The aim of this study was to retrospectively analyze cluster behavior of dental implant failures among patients, to assess the possible risk factors influencing this phenomenon, and to describe and compare this group of patients with one not presenting this behavior.
| M AT E R I AL S A N D M E T H O D S

| Materials
This retrospective study was based on all 2670 patients provided with implants, consecutively treated on a routine basis at one specialist clinic 
| Definitions
An implant was considered a failure if presenting signs and symptoms that led to implant removal. Thus, a failed implant in our study is equal to a lost implant. The failures were classified into two types: (1) implants lost due to lack/loss of osseointegration and (2) fractured implants. Primary failures were the failures occurring until/at the day of the 2 8 stage surgery (abutment connection). A patient was considered as presenting a cluster behavior of failures when having at least three dental implant failures. In order to diagnose patients as bruxers, the authors followed the definition of bruxism proposed by Lobbezoo et al., 10 and the sign and symptoms of bruxism were listed according to the International Classification of Sleep Disorders, 11 following the same guidelines used in a recent study. 12 
| Inclusion and exclusion criteria
Only patients receiving at least three implants were included. Patients with all modern types of implants with cylindrical or conical design were included. Zygomatic implants were not included in the study, as well as implants detected in radiographies, but without basic information about them in the patients' files.
| Data collection
The dental records of all patients ever treated with implants in the aforementioned clinic were read in order to collect the data. The data were directly entered into a SPSS file (SPSS software, version 23, SPSS Inc., Chicago, IL) as the files were being read. The following data were collected:
1. Implant-related factors: implant surface (turned/machined or enhanced surfaces, the latter including sandblasted, acid-etched, sandblasted 1 acid-etched, anodized, hydroxyapatite-coated surfaces), implant diameter and length, and implant design (cylindrical or conical);
2. Site-related factors: implant jaw location (maxilla/mandible), anterior or posterior location of the implant (sites from right canine to left canine teeth were considered anterior location), bone quantity and quality of the implant sites, which were classified at the time of surgery according to the Lekholm and Zarb 13 classification, and implant sites with previous implant failures (reoperation).
3. Patient-related factors: patient's sex, age of the patient at the implant insertion surgery, general health, and behavioral history.
The presence of a medicament list in the patients' records was also use to correlate the use of certain drugs to specific health conditions. Health factors assessed: diabetes types I or II, hypertension, hypercholesterolemia, hypothyroidism, asthma, psoriasis, chemotherapy, and irradiation of the head-neck region. The patients were also classified according to the intake of the following medication types: antidepressants, immunosuppressives, bisphosphonates, antithrombotic agents (antiplatelet, anticoagulant, thrombolytic drugs), hormone replacement therapy in women, and medicaments to reduce the acid gastric production.
Behavioral factors assessed: smoking habits, use of snuff, bruxism. years, 5 years< x 10 years, 10 years< x 20 years, >20 years).
As the standard protocol in the clinic, the patients' dental hygiene was followed up by a dental hygienist within 6 months after the final implant-supported/retained restoration. Each patient then attended a dental hygiene recall program based on individual needs. were lost (lack/loss of osseointegration 1 fracture) until 1 year after surgery, 192 (58.0%) later than 1 year of surgery, and there was no information for six implants (1.8%).
| Statistical analyses
A total of 1339 patients did not present a cluster behavior, and they received 7717 implants, of which 261 failed (3.38%; 241 lack/loss of osseointegration, 20 fractured implants). In this group, 41.5% of the failures (100 out of 241 implant failures) occurred until/at the abutment connection (primary failures).
All implants were inserted with open flapped surgery. Only three implants were immediately loaded, all in noncluster patients, with no failures. The abutment connection surgery was performed after a mean 6 SD healing time of 184 6 66 and 162 6 128 days for the cluster and noncluster groups, respectively (P < .001; Mann-Whitney test).
The number of nonsubmerged implants for the respective groups was 7 (out of 620; 1.13%) and 289 (out of 7717; 3.74%), and the number of implants placed in fresh extraction sockets was 6 (out of 620; 0.97%) and 15 (out of 7717; 0.19%). The cluster group presented 479 implants (77.3%) with turned surfaces, whereas there were 4785 turned-surface implants (62.0%) in the noncluster group (P < .001;
Pearson's chi-squared test). The rest of the implants had some kind of enhanced surface. The group of turned-surface implants had a mean follow-up of 4678 6 2612 days, against 2215 6 1474 days for the group of enhanced-surface implants (P < .001; Mann-Whitney test).
The mean length of the inserted implants was 12.5 6 2.7 mm for the cluster group and 12.9 6 2.4 mm for the noncluster group (P 5 .008;
Mann-Whitney test). The mean diameter for cluster and noncluster groups were 3.76 6 0.16 and 3.75 6 0.15, respectively (P 5 .042;
Mann-Whitney test). Table 1 shows a comparison of groups according to the distribution of implants with regard to Lekholm and Zarb (1985) classification of bone quantity and quality. It can be observed that a greater percentage of implants were placed in bone sites having been classified as quantities D and E (P < .001; Pearson's chi-squared test) and qualities 3 and 4 (P < .001; Pearson's chi-squared test) in the cluster patients group, in comparison to the noncluster group. Table 2 shows a comparison of the difference in failure rates between implants groups of different surfaces, for cluster and noncluster patients, in relation to bone sites of different quantities/qualities, according to the Lekholm and Zarb (1985) classification.
The univariate binary logistic regression at the patient-level showed that the following predictors had a statistically significant odds ratio at the patient-level (Table 3) : the intake of antidepressants, the intake of medicaments to reduce the acid gastric production, the intake of antithrombotic agents, smoking, number of cigarettes per day, and bruxism. Only the intake of antidepressants and bruxism continued to present a statistically significant odds ratio in the multivariate binary logistic regression model (Table 4) . The number between parentheses represents failures. a According to the Lekholm and Zarb classification, bone quality is broken down into four groups according to the proportion and structure of compact and trabecular bone tissue: type 1 5 large homogenous cortical/compact bone; type 2 5 thick layer of compact bone surrounding a dense trabecular bone; type 3 5 thin cortical layer surrounding a dense trabecular bone; type 4 5 thin cortical layer surrounding a core of low-density trabecular bone. The quantity of jawbone is broken down into five groups (A, B, C, D, and E), based on the residual jaw shape following tooth extraction. Bone classified as "A" presents the largest amount of bone among all classes, whereas bone classified as "E" presents the lowest volume of bone.
b
Percentage of implants in each bone quantity/quality class, considering all implants in cluster or noncluster group as 100%. Percentage of failed implants for each bone quantity/quality class.
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The univariate GEE model at the implant-level showed that the following predictors had a statistically significant odds ratio at the implant-level (Table 5) : implant surface, implant length, implant location, bone quantity and quality, reoperation, age of the patient at the time of the surgery, the intake of antidepressants, the intake of medicaments to reduce the acid gastric production, smoking, bruxism, the use of prophylactic antibiotics, bone grafting, and follow-up time. The following factors remained statistically significant in the multivariate Only the patient and health factors that were considered statistically significant (P < .1) in the univariate model and did not present multicollinearity were included in the multivariate model (OR-odds ratio). GEE model (Table 6 ): turned implants, short implants, poor bone quality, age of the patient, the intake of medicaments to reduce the acid gastric production, smoking, and bruxism.
| DISCUS SION
The results of the present study showed profound differences of implant survival rate in different individuals, that is, less than 5% of patients showed about 56% of all implant failures, and this suggests a cluster behavior with regard to implant failures, most likely with multifactorial causes. 8 The regression analyses performed in this study tried to identify the factors that could possibly be related to implant failure.
The univariate regression assessed the relationship between each independent variable and implant failure separately, and the multivariate regression assessed the relationship of the variables that were univariately significant to implant failure, controlling for each other. At the patient-level, the multivariate regression model identified the intake of antidepressants and bruxism as potential negative factors exerting a statistically significant influence on the high failure rates in cluster patients. At the implant-level, the negative factors identified by the multivariate GEE model were turned implants, shorter implants, poor bone quality, younger patients, the intake of medicaments to reduce the acid gastric production, smoking, and bruxism.
Two health-related variables were shown to exert some significant effect on the cluster behavior. The first one was depression. Knowing that a loss of motivation is one of the volitional symptoms of depression, 14 one may presume that depression could have a negative impact on oral hygiene. 15 Kurer et al. 16 found an association between mean depression scores and oral hygiene in a group of 51 regular dental attenders. Monteiro da Silva et al. 17 found significantly increased depression and loneliness in patients with rapidly progressive adultonset periodontitis compared with a group with regular chronic adult periodontitis and a control group. Among the risk factors associated with periodontal disease and ultimate tooth loss, smoking is the best documented one. 18 In some studies, smoking has also been associated with depression. 19, 20 Some reasons could theoretically account for the suggested association between PPIs intake and the increased likelihood of dental implant failures. The most prominent hypothesis assumes that the reduced acidity in the stomach impairs the intestinal absorption of dietary calcium. Thus, there can be a decreased calcium absorption under PPI therapy. [21] [22] [23] As the calcium balance is essential for the maintenance of bone health, it seems reasonable to believe that the unbalance of calcium may to some degree affect osseointegration.
Concerning the patients' habits, bruxism was shown to significantly affect the implant failure rates negatively, agreeing with the results of the two very recent clinical trials assessing the effect of bruxism on dental implants. 12, 24 This gives a new perspective on the condition, which was, until very recently, considered to be not related with implant failures. 25, 26 Bruxism is suggested to generate overload of prosthetic rehabilitations on implants, which could possibly cause implant fracture or peri-implant marginal bone loss, ultimately resulting in implant failure. 27 Implant failure may result in a "domino" effect that could lead to further implant failures in the same individual. 5 This kind of effect was noticed in one study, 4 where an observed pattern in the study group was that implant failures started in some patients predominantly in one quadrant, causing an unfavorable distribution of the remaining implants. Even if adjustments with shortening of the fixed implant-supported prostheses were made, these situations indicate that an overload could be a contributing factor of importance for some of the cluster failures.
Other patients' habits such as smoking and the use of smokeless tobacco (snuff) were also analyzed. The results of the multivariate GEE logistic regression model suggest a statistically significant influence of smoking on the cluster behavior. A recent meta-analysis analyzing more than 100 studies has shown that failures of implants inserted in smokers are 2.23 times likely to happen than failures of implants inserted in nonsmokers. 28 The increase of implant failure rates due to smoking is hypothesized to be related mainly to the effect of smoking in osteogenesis and angiogenesis. 29 Moreover, smokers' health behavior and attitudes appear to be less favorable to oral health than those of nonsmokers. 30 Studies have shown that smokers brush and floss their teeth less frequently than nonsmokers 31 and have dental visits less frequently than do nonsmokers.
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With regard to the age of the patient, the results of the multivariate GEE model suggest that the odds of implant failure decrease by 3.3% for every 1 year increase in the patient's age. This could be related to the lower prevalence of bruxism among the elderly in relation to younger adult, 33 to the ageing effect in oral physiology, resulting in less muscular strength and weaker mastication forces, 34 and to a high prevalence of removable prosthesis opposing implant-supported restorations. 35 The patients of the cluster group presented, in comparison to the patients of the noncluster group, a statistically significant greater percentage of implants placed in sites of poor bone, that is, bone quantities D and E, and bone qualities 3 and 4. The multivariate GEE model showed a statistically significant negative influence of poor bone on the cluster behavior of implant failures. Poor bone site has been considered an important factor to influence implant survival negatively. 3 Concerning the different implant surfaces, the higher failure rate of turned implants is hypothesized to be related to the small differences in the osseointegration process in relation to the enhanced-surface implants. The enhanced surfaces are designed to allow greater boneto-implant contact, and provide better possibilities for microbiomechanical retention due to larger surface and thus more retention for proteins to attach and new bone formation. 36 The longer mean followup of the turned implants in comparison to the enhanced-surface implants group may also have some influence on these results, as a longer period of follow-up can result in an increased failure rate, especially if it extended beyond functional loading, because other prosthetic factors can influence implant failure from that point onward.
With regard to lower hazard ratios for longer implants, although some good results can be obtained with the use of shorter implants, they seem to fail more often than longer ones. 37 Increased initial stability, long-term resistance to bending moment forces, expedited healing, and a decreased risk of movement at the interface are listed as advantages of increased implant length. 38 The lack of specific information characterizing the patients' systemic conditions status and the medications dosage, as well as gaps in information in the dental records are limitations also connected to the Only the factors that were considered statistically significant (P < .1) in the univariate model and did not present multicollinearity were included in the multivariate model (OR-odds ratio).
retrospective nature of this study. Moreover, the implant primary stability was not analyzed, as well as the possible influence of the placement of implants by different surgeons/clinicians.
In the clear advantage of hindsight, it may be said that some patients should have been treated differently than what was done in the first place. Grafting procedures might have been advantageous in the cases with poor bone quantity and quality that displayed large number of failures. Parameters that can be available before the surgical and prosthodontics treatment would certainly be of importance to identify information to allow a careful discussion regarding risks and problems prior to surgery, and also to allow for measures to be taken to reduce the risk by, for example, choosing other surgical or prosthodontic techniques. 4 The indication for the use of oral implants should sometimes be reconsidered when alternative prosthetic treatments are available and when possibly multiple interfering systemic or local factors are identified.
| CONCLUSIONS
A cluster pattern among patients with implant failure is highly probable. 
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